INTRODUCTION
The polysaccharides present in the yeast cell are best considered in relation to the total organization of the cell both as regards their function and. their synthesis. Three polysaccharides may be extracted from the cells as distinc:t entities and these represent the storage material, glycogen, and the strue1:ural components, glucan and mannan.
The three polysaccharides may be extracted from the yeast by cytolysing the cells with hot 3 per cent sodium hydroxide solution 1 which brings most of the mannan and a little of the glycogen into the solution and leaves an insoluble residue ofglucan membranes enclosing the bulk ofthe glycogen2, 3. The glycogen may then be dissolved from this latter material by hot 0·5 N aceric acid3, 4 and precipitated and purified by addition of alcohol. The mannan is precipitated from the alkaline solution as the copper complex which is decomposed by acid alcohol and the crude polysaccharide is purified by dissohring it in water and reprecipitating it with alcohol 5 • Alterna.tively, the cell wall of the yeast may be isolated free from the cell contents by breaking the cell with fine glass beads in a sonic vibratory mill and the resultant suspension fractionated by differential centrifugation2. U nder these conditions the cell wall may be analysed free from the glycogen which is ~.haken out of the cell envelope and appears in the supernatant with the other cell contents. The mannan and glucan may then be separated by gentle chemical extraction of the mannan from the wall fraction and the glycogen isolated from the cell contents without the use of strong alkali 2 •
GLYCOGEN
The glycogen exists as a storage polysaccharide within the cell where it can be seen as red brown granules when the whole cell is stained with dilute iodine solution. In sections of the cells examined with the electron microscope it is probably represented by the storage granules which are bounded by fine n.embranes and are sometimes closely associated with the endoplasmic reticulum (Figur es 1-3) . When the glycogen preparations are dissolved in borate buffer and examined electrophoretically they move as a single sha.rp peak but with some samples an indication of a minor slower mm'ing component can be seen as a slight shoulder on the main peak6 (Figure 4 ). The mobility of the boundary when the polysaccharide is dissolved in ()·05 M borate buffer, pH 9·2, 0° is 3·3 cm 2 V-1 sec-1 X I0-5. The chemical structure of the material has been studied by methylation7, 669 3A periodate oxidation 7 and partial acid hydrolysis 4 • It resembles very closely animal glycogen and can be directly compared with rabbit liver glycogen, it has an average chain length of eleven or twelve glucose units in which the majority of linkages are 1-41X and the interchain linkages are 1-61X.
MANN AN
The mannan is a very soluble polysaccharide and although mainly composed of mannose the preparations normally contain small amounts of phosphate2, s, 9, glucose10, glucosaminell and traces of amino-acid nitrogen8, 11 . The structure of the polysaccharide is complex and it is not yet completely elucidated. The optical rotation of a purified preparation has an (IX ]n of +89 o indicating that the rnajority of the mannose units are IX linked in cantrast to those present in the glucomannans of higher plants12-14 and storagemannans such as those present in ivory nutsl4. Methylation5, 8, 15, 16 and periodate oxidation9 studies have indicated that the molecule is highly branched with 1-3a:, 1-21X and 1-6a linkages while the structure of the oligosaccharides isolated from partial hydrolysates of the polysaccharide has shown the presence in the molecule of a number of contiguous mannose units linked 1-61X which might thercfore form the main back-hone of the polymerlO.
The preparations as normally isolated appear homogeneaus when they are run in a Tiselius electrophoresis apparatus6 ( Figure 5 ) or ultracentrifugell; the peaks o btained are sharp and the material a ppears to be not very poly disperse. The mobility of the rnannan boundary when the polysaccharide is dissolved in borate buffer, pH 9·2, 0° is 8·8 cm2 V-1 sec-1 X I0-5. Since the mobilities of the yeast glycogen and rnannan are so very different these polysaccharides can be separated and detected in the Tiselius apparatus6 or by zone electrophoresis using glass fibre paper17 and they can be prepared in relatively large amounts by purification procedures using an electrophoretic column packed wi th glass powderl8.
The molecular weight of such a homogeneaus preparation calculated from its sedimentation and diffusion coeffi.cients is approximately 5·9 X 1 ()4 which corresponds to a D.P. of 365 residuesll, 19, Other mannans have been isolated from different species of yeast and it is possible that in some respects the structure of these might be similar to the cell wall mannan of S. cerveisiae although they are generally described as extracellular material. The main slime polysaccharide produced by S. rouxii during fermentation of n-glucose to L-arabitol is a mannan in which the principle links between the hexoses are 1-21X and l-61X; from the methylation and hydrolysis investigation some 2,4,6-tri-0-methyl mannose was isolated so that 1-3 linkages rnight also be present20. This polysaccharide is thus very similar to the cell wallmaterial and may represent polysaccharide which has been exuded by the active organism or released from autolysed cells20. Phosphomannan is formed in the growth medium of the yeast Hansenula hostii and this substance is found to be a polymannosidic phosphodiester21 in which the ratio of mannose units to phosphate groups is 5:1 and the phosphate ester bonds link the 6 hydroxyl group of one mannose residue with the IX hemiacetal hydroxyl group of the next22, The mannosyl groups may be linked through the 2 andfor 3 positions 2 1.
GLUCAN
The glucan represents the highly insoluble polysaccharide left after alkaline treatment of the cell wall. Microscopically it is still in the form of the~ cell wall and must therefore be organized as a complete envelope around the: cell and to constitute one or part of one of the layers of the cell wall2. The material obtained after boiling with dilute alkali shows no microfibdllar ;;tructure as would be seen with a cell wall of a lügher plant but a fib:rillar structure can be made apparent after treatment with hot mineral acid when undoubtedly some degradation of the polysaccharide occurs. A microfibrillar structure does, however, occur in a large nurober of fungal cell walh which have been examined23-27. J:t is an extremely insoluble polysaccharide composed almost solely of glu.cose3: although most preparations contain nitrogen, and glucosamine constituting about 6 per cent of the material may be foundll.
Detailed structural analysis of such an insoluble polymer is difficult although it is well established that the principle linkage in the compound is a :.-3ß glucosyl bond28-30. Chromatographie analysis of the hydrolysates of a highly methylated glucan have shown the presence of 2,3,4,6-tetra-0-me:thyl g:lucose and the yield ofthisderivative has indicated that the average chain length of the polymer is about nine glucose units3. Since the physical characteristics of the polymer make it necessary to postulate that it has a very large molecular weight3 1 , the data derived from the methylated polysaccharide would mean that the molecule is highly branched and the isolation of 4,6-di-0-methyl glucose shows that this branching occurs at the 2 position3. These ideas about the structure of the polysaccharide were also borne out by the yield of formic acid from the polymer during its oxidation wi1:h periodate3. However, it has been shown by the analysis of oligosaccharides derived from a partial acid hydrolysate of the glucan32 and by quantitative esterification by toluene-p-sulphonyl chloride of free primary hydroxyl groups in the intact polymer33 that 1-6 linkages are present, and thus the periodate oxidation data does not give an end group assay and therefore an estimate of the chain length3 2 • The latter work has led to the po~tulat:.on that the molecule is linear with both 1-3 and 1-6 linkages in the chain and that groups of at least 4 glucose units linked by 1-6 bonds occur. However, it is difficult to explain the comparatively large yield of tetra-0-methyl glucose obtained from the methylated polysaccharide except by reference to a branched molecule, and the evidence from the partial acid hydroly~.ate study is not sufficient to exclude this possibility based as it is or. the negative finding that a partietdar trisaccharide was not isolated.
That the glucan has a very large molecular weight can be inferred from a stu.dy of the sorption of water vapour by the polysaccharide31. An analysis of the sorptionisothermal shows that the fraction of the glucose units which is inaccessible to the water molecules, because of strong internal hydrogen bonding, is very small compared with that of a cellulose preparation. The imoluble nature of cellulose is explained in terms of the strong intermolecular hydrogen bonding of the hydroxyl groups of the adjacent ß 1-4 linked glucose chains. Thus, the very insoluble nature of the glucan must depend on factors other than internal bonding, the most probable being that the molecule is much larger than that of cellulose31. indicating that, in addition to the relative complete separation of glucan and mannan, preparations ofvarying solubility containing both glucose and mannose can be obtained. These preparations contain protein which is relatively firmly bound35 and a number of glycoproteins have been prepared by several procedures from cell wall preparations. These include treatment of the wall with cold alkali35, 36, carbohydrases and proteolytic enzymes37, and anhydrous ethylenediaminell. The methods have given fractions containing mannan-protein and glucosamine and also mannan-glucan-protein and glucosamine. During the extraction procedures with ethylenediamine it was noted that a water-soluble material (fraction A) could be obtained from the ethylenediamine extract of the walls. This fraction contained mannose, glucosamine and protein. lf the extraction of the walls was maintained for 24 hours the fraction, when run in the ultra-centrifuge, gave a sedimentation pattern of two peaks, the sedimentation coefficients of which were 4·2 and 6·7 cm g-1 sec-1 x 10-13 respectively; however, ifthe extraction was continued for 72 hours the faster moving component was considerably reduced in amount and it appeared as if it were broken down to the slower material. This slower material when subjected to electrophoresis in borate buffer ran as a single peak ( Figure 6 ); its electrophoretic mobility was of the same order of magnitude as that of mannan and must, therefore, be due to the formation ofa complex ofthe polysaccharide portion ofthe molecule with the borate ions. However, the mobility was lower than that of mannan as would be expected if the protein and polysaccharide are firmly bound. Electrophoresis in the presence of 8 M ureaandin phosphate buffer showed no evidence for the separation of a protein peak. As the molecular weight of even the slower-sedimenting component of fraction A is considerably greater than that of mannan, it may be more accurate to consider the components of fraction A and mannan as a sequence of degradative products derived from a much !arger mannan-protein complex present in the original wall. Thus these complexes of protein with polysaccharide may represent the way in which these compounds are held together in the intact cell wall and, in addition, the glucosamine might serve as the possible connection between the polysaccharide and protein parts of the complex 11 . The presence of glucosamine in the cell wall of yeast has by comparison with the cell walls of other fungi and by X-ray analysis38, 39 and some chemical tests39, 40 led to the conclusion that a small amount of chitin is present in the walls. However, the solubility characteristics of a large part (90 per cent) of the total combined glucosamine make it improbable that it is present in the form of normal chitin 11 . The relative position and organization of the polysaccharides within the total structure of the cell wall is not at present known. From a study of the flocculation and charge on the surface of the yeast cells and assuming that Figures 1, 2, 3 Figure 1 . Relationship of nuclear membrane 1 storage granules and endoplasmic reticulum Figure 10 . Relationship of cell wall to outer endoplasmic reticulum elements the mannan polysaccharide carries the surface charge because of possible combined phosphate groups, it has been conclucled that the mannan is probably located at the outer and inner surfaces ofthe wall3 7 , 41, 42 . Nevertheless, sections of the wall when examined with the electron microscope show that the outer surface is quite different from the inner surface (Figures 7  and 8) , and an attempt to stain preferentially the polysaccharides of the wall for an electron microscope examination has indicated that the mannan is probably located at the outer region of the wall43. \tiorp::1ologically the wall is approximately 0·1 tJ. thick and is bounded by an outer, darkly staining layer which contains a rnore loosely packed material (F1gure 7) . This material at parts of the wall, especially at the bud scars, is clearly divisible into two layers, the inner layer being rnore spongy in appearan.::e. The bud scar itself has a quite cornplicated structure and rnay be rnz.de up of severallayers of substances which show up as layers of different density according to the staining procedures used (Figures 7 and 9 ).
THE CELL WALL

SYNTHESIS OF CELL WALL POLYSACCHARIDES
The synthesis of the yeast polysaccharides has been studied by careful analysis ofthe material during the growth ofthe cell using various substrates and inhibitors 4 4, 45 and also by the use of radioactively labelled glucose as a substrate for the actively growing yeast46. Frorn this work it is known that the major route of polysaccharide synthesis involves a direct utilization of the: supplied hexose units without a metabolic degradation of the carbon chain and a subsequent resynthesis by a condensation of triose units by the aldolase reaction. A direct interconversion ofmannose and glucose phosphate esters also occurs within the cell.
The exact mechanisrn for the synthesis of the yeast cell polysaccharides is as yet: as for other polysaccharides, not known, but most of the enzymes and don·::>r substances implicated in this type of synthetic reaction have been f ound and suggested as part of the possible mechanisrns. Thus phosphorylase was early shown to be present in yeast47 and its possible röle in glycogen syr.thesis from glucose-1-phosphate suggested44, 48. It was known however, that the over-all phosphate content of the cell was too high for such a synthetic: mechanism and gradients of phosphate concentration within the cell were suggested so that a synthetic role for phosphorylase could occur at sites where the phosphate:glucose-1-phosphate concentration ratio permitted such a synthesis48. More recently, uridine diphosphate glucose49 and uridine diphosphate glucose-glycogen glucosyl transferase50 have been purified from baker's yeast and the enzyme is not very dissimilar from those ob~:ained frorn liver and muscle, but unlike the rnuscle synthetase, oligosaccharides do not function as acceptors50.
In addition to the uridine diphosphate glucose, uridine diphosphate acetyl glucosamine51 and guanosine diphosphate mannose52 have been iso;_ated :rrom yeast and it has been suggested that these serve as donor compounds for the particular polysaccharides of the cell wall52. It is of interest in this connection to note the isolation of nucleotide-peptide compounds from S. cerevisiae5 3 especially as glycoproteins are thought to occur in the wall structure.
In recent years the electron microscope investigation of plant cells has shown the importance of membrane systems within the cells as organnelles connected with the synthesis of polysaccharides13, 54, 55. Thus starch is found within the amyloplasts, and cell wall material appears in part to derive from the Golgi apparatus and endoplasmic reticulum system. Within the yeast cells Golgi hoclies are not seen but elements of the endoplasmic reticulum occur closely associated with the wall (Figures 2, 8 and 10) . The glycogen storage granules are surrounded by membranes (Figures 1, 3 and 7) and in some cases they are intimately connected with the endoplasmic reticulum. Complex membrane systems with a possible secretory function can be seen to occur closely associated with the nuclear membrane ( Figures   2, 7 and 8) , and this observation may be of considerable interest especially as in certain fungal cells where dictyosomes have been observed, evidence has been obtained to show that these organnelles originate from the nuclear envelope56. I t is thus possible that, as in higher plants, some of the cell wall material may be preformed in cytoplasmic organnelles and transported and packed into the growing cell wall.
